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TECENICAL MEMORANDUM X- 64795

DISTRIBUTIONS OF EIGHT METEOROLOGICAL VARIABLES AT
CAPE KENNEDY, FLORIDA AND VANDENBERG
AIR FORCE BASE, CALIFORNIA

I. INTRODUCTION

This document supersedes NASA TM X-53118 "'Distribution of Surface
Meteorological Data For Cape Kennedy, Florida," dated August 28, 1964.

The purpose of this report is to provide empirical distributions of
several atmospheric parameters at the two Space Shuttle launch sites. It is
expected that these statistics will be applicable to a number of natural environ-
ment related launch vehicle problems. However, each problem requires
careful consideration to ensure the applicability of the statistics. For example,
a design or operational constraint or hazardous condition might require the
joint occurrence of two or more of the natural environment parameters —
perhaps high temperature and high pressure at the same time. Since these
parameters are not independent, no inferences can be made about the simulta-
neous occurrence. Another problem might require a mean temperature over
a long time period — perhaps it takes 15 to 30 days for the solid rocket propel-
lant to attain ambient air temperature. Since these statistics apply to a specific
hour and month, they are not appropriate for such a problem.

Any small differences between extreme values listed here and those
found in NASA T X-64757, dated July 5, 1973, can be explainc hy different
periods of record and different observation times. It is not intended that these
statistics replace any current design values.

[I. DEFINITIONS AND COMMENTS

Tables 1 through 8 in this study are based upon recorded observations
of temperature, dew point temperature, relative humidity, and station pressure
at Cape Kennedy (28°29'N, 80°33'W) from 1957 to 1971, with minor gaps.



Tables 9 through 16 were compiled in a similar way for Vandenberg Air Force
Base (34°44'N, 120°34'W) from an uninterrupted record dating from 1959 to
1970,

The definition of percentile value used in this study is as follows. The
P(N+1)
100
to be nonintegral. Thus, P is identical to cumulative frequency level, and the

levels represented in the tables correspond to percentiles of *1, +2, and +3
standard deviations from the center of a Gaussian distribution. The median
value and the extremes are also tabulated. However, the -3 standard deviation
parcentile value cannot be calculated because of an inadequate number of cases.

Pih percentile value equals the th of N observations, and P is allowed

Since the four observed variables have notable spikes in their frequency
distributions, with but few occurrences between these preferred values, the
dziz are necessarily smoothed before selecting percentile values. The method
ot smoothing in each case is to spread identical values evenly across an inter-
vel which extends halfway to the magnitudes of the adjacent parameter values.
The resulting bias of this procedure is toward the wings, giving an underesti-
mete at times of the lower percentile values and an occasional overestimate of
the higher percentile values. However, the systematic error incurred is of
minor censeguence,

A. Temperature

The temperature is reported in whole degrees Fahrenheit. Its percentile
values are presented in degrees Celsius in Tables 1 and 9 for Cape Kennedy
and Vandenberg, respectively.

Although only 6 degrees apart in latitude, the two sites have appreciably
different climatic regimes. Cape Kennedy is subject to frontal passages from
November to March, but its temperature is largely controlled by prevailing
scutheasterlies with their long oceanic trajectories over warm subtropical
ocean waters and the Gulf Stream. Vandenberg, on the other hand, is affected
by trough passages with their attendant precipitation occurrences, and with
fewer incursions of polar air. The cold California current nearby is a moder-
ator of climate in all seasons [1].

The diurnal cycle in temperature is quite prominent in the tables and
the annual cycle is also evident, with important differences between the stations.
The resulting temperature regime at Cape Kennedy finds the monthly median
values ranging over an 11°C span and the annual absolute range attaining 40°C.



However, the highest temperature of just 35.6°C registered in June and July
is indicative of maritime control in summer. In contrast, Vandenberg has
monthly median values ranging over an interval of but 4°C, and its annual peak
is typically attained in late summer or early fall when the cold current's effect
is lessened somewhat by a persistent offshore wind.

As is true for all the tabulated variables, the absolute minima and
maxima pertain to the hours specified. They are exceeded at times during the
intervening hours.

B. Dew Point Temperature

The dew point temperature is reported in whole degrees Fahrenheit.
Its percentile values are presented in degrees Celsius in Tables 2 and 10 for
Cape Kennedy and Vandenberg, respectively.

To a remarkable extent, the annual march of dew point temperature at
each station follows that for temperature. Both sites are subject to periods
outside of summer when this variable falls to -10°C to -15°C, but for different
reasons., At Cape Kennedy, such dry spells are post-cold-frontal, whereas at
Vandenberg they are usually caused by Santa Ana winds blowing toward the sea.

C. Relative Humidity

The relative humidity is reporicd in whole percent, Its percentile
values are presented in these units in Tables 3 and 11 for Cape Kennedy and
Vandenberg, respectively.

The annual range of median values is about 15 percent at each site, with
Vandenberg running a few percent higher in spring and summex o zause of
persistent morning fogs. Saturation may occur in any month, and early morn-
ing values are commonly in the upper eighties or nineties at both sites. An
excursion of relative humidity below 10 percent was observed at Vandenberg
in November. This did not happen at Cape Kennedy during the period of record,
but it was recorded there once in March [2].

D. Station Pressure

The station pressure is reported in inches of mercury to tenths of an
inch. Its percentile values are presented in newtons per square meter divided
by 100, or millibars, in Tables 4 and 12 for Cape Kennedy and Vandenberg,
respectively.



Inspection of the median values at each hour discloses the expected
douhle diurnal cycle in pressure at both stations, with peaks at 1000 and 2200
and valleys at 0400 and 1600. The magnitude of this variation is 100 to 200
newtons per square meter.

A systematic pressure difference of about 1500 newtons per square
meter exists between the two stations. Vandenberg, with its barograph at an
elevation of 378 feet, has the lower station pressure; the Cape Kennedy baro-
graph is at 16 feet,

The annual march of pressure is largely explained by the positioning
and intensity of semipermanent centers of action such as the Bermuda High
and ithz North Pacific Anticyclone. Major fluctuations of the order of a day are
lurgely caused by migratory highs, lows, ridges, troughs, and (at Cape
Kennedy) tropical depressions. No close passages of hurricanes are included
in these statistics.

E. Water Vapor Pressure

The water vapor pressure is computed from the relative humidity and
the Goff-Gratch formulation [3] for saturated water vapor pressure. Its

peicentile values are given in newtons per square meter divided by 100, or
miliibars, in Tables 5 and 13 for Cape Kennedy and Vandenberg, respectively.

Median values of this variable at Cape Kennedy are about 150 percent
of the median values at Vandenberg in winter and about 200 percent of the
median values at Vandenberg in the other seasons. This agrees with the
appreciably greater temperatures at Cape Kennedy which indicate a superior
capacity to hold the water vapor which is usually abundantly available at either
location.

A strong annual cycle and a weak diurnal cycle are present in this
variable at both sites, in phase with the cycles in temperature.

F. Water Vapor Mixing Ratio

The water vapor mixing ratio is calculated from the partial pressure of
dry air and the water vapor pressure. Its percentile values are given in grams
per kilogram in Tables 6 and 14 for Cape Kennedy and Vandenberg, respectively.



The comments on comparative values and cycles of water vapor pressure
apply equally well to the waler vapor mixing ratio.

G. Density

The density is computed from the reported values of pressure and virtual
temperature. Its percentile values are listed in grams per cubic meter in
Tables 7 and 15 for Cape Kennedy and Vandenberg, respectively.

Lower temperatures at Vandenberg cause greater densities at this
station than at Cape Kennedy, but the difference is largely balanced by the
lower pressures at Vandenberg.

Annual and diurnal cycles are evident in density. These cycles have
an inverse relationship to the temperature cycles.

H. Enthalpy

Since heat transferred at constant pressure equals enthalpy change, the
enthalpy is indicative of the heat content. It is computed from the virtual tempera-
ture, the water vapor mixing ratio, and the specific heat at constant volume for
the mixture, in accordance with equation 9.11 in Jordan and Priester [4]. Its
percentile values are given in joules per gram in Tables 8 and 16 for Cape
Kennedy and Vandenberg, vespec.. "I/,

The annual and diurnal variations of enthalpy are in accordance with
the temperature cycles.
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